INTRODUCTION
Several cases of Down syndrome describing the parental origin of the extra chromosome 21 have been reported (Licznerski and Lindsten, 1972; Mutton, 1973; Robinson, 1973; Sasaki and Hara, 1973; Smith and Sachdeva, 1973; Uchida, 1973) . In these reports, the origin of the extra chromosome 21 was based on the QFQ (Q-bands by fluorescence using quinacrine as suggested in the supplement (1975) of Paris Conference (1971) ) polymorphisms (variations) . Employing QFQ has certain limitations since the frequency of QFQ polymorphisms for chromosomes 21 is extremely rare (1-25~; Geralds and Pearson, 1974; Lin et aL, 1976; McKenzie and Lubs, 1975) , consequently, the origin of the extra chromosome 21 in Down syndrome can be determined in only a few cases (Mikkelsen et al., 1976) .
Recently, we have reported that the short arm of human acrocentric chromosomes is polymorphic in colors as well as in sizes by RFA (R-bands by fluorescence using acridine orange) (Verma and Lubs 1975; . Variations were classified into 1 of 6 colors, and into 1 of 5 sizes. Color and size variations are inherited in a Mendelian manner. Furthermore, there is no interrelationship R.S. VERMA and H. DOSIK [ between QFQ and RFA variations (Verma and Lubs, 1976) . RFA would appear to be very useful in studying the origin of the extra chromosome 21 in Down syndrome, since more than 50~ of the chromosome 21's are polymorphic by this technique (Verma et al., 1977a (Verma et al., , 1977b . The aim of this report is to illustrate a situation in which the origin of the extra chromosome 21 could not be determined by QFQ but could be detected by RFA.
MATERIAL AND METHODS
A boy with the classical features of Down syndrome is the third child of a 29 year old mother and a 32 year old father. Two other children, 7 and 5 are normal. The parents have no significant past medical history. Short-term lymphocyte cultures were harvested and chromosome preparations were made by standard techniques on the porband and parents. Sequential QFQ and RFA were performed (Verma and Lubs, 1975; . At least 25 metaphases were examined from each family member. QFQ chromosomes were photographed on Tri-X pan film using a Zeiss photomicroscope II and RFA chromosomes were photographed on Kodachrome 64 color film.
The present report describes the QFQ and RFA intensity variation in the short arms of the human acrocentric chromosomes. The five QFQ intensity levels established at the Paris Conference (1971) and a similar system reported in a recent study of McKenzie and Lubs (1975) were used to record the variable fluorescent intensities in specific chromosome regions, using a Code 1 for no fluorescence, 2 for pale fluorescence (as distal lp), 3 for medium fluorescence (as the major bands of 9q), 4 ro intense fluorescence (as distal 13q) and 5 for brilliant fluorescence (as distal Yq). Cells were printed on 5 x 7 photorite paper //4. Scoring of intensity levels were performed without the knowledge of corresponding RFA variants.
The criteria for describing the colors and sizes of D and G short arms by RFA have been described earlier (Verma and Lubs, 1975) . Color levels 1, 2, 3, 4, 5 and 6 represented red, red-orange, orange-yellow, pale yellow, bright yellow and pale green respectively. Size levels 1, 2, 3, 4, and 5 represented very small, small, average, large and very large respectively. At least 5-6 of the best differentiated cell from each individual were utilized for recording the RFA variants. RFA variants were scored without the knoMedge of QFQ variants. After QFQ and RFA variants were determined the interrelationship between both methods was recorded on a two-dimensional data sheet.
RESULTS AND COMMENTS
The chromosomal constitution of the proband was 47,XY,+21 in every cell. Tile father and mother were chromosomally normal. The QFQ intensities and RFA color and size levels recorded from each individual are shown in Fig. 1 Origin P M M P M P M P P M P Fig. 1 . Inheritance of QFQ and RFA polymorphisms in father, mother and proband. For RFA color and size levels, see Verma and Lubs (1975a) . A, B=different homologs of same chromosome; p=band pll; s=satellite (band p13); P=paternal; M= Maternal.
no QFQ polymorphisms on chromosome 21 in either parent, consequently, using only QFQ we would have been unable to detect the parental origin of trisomy 21 (Fig. 1) . RFA color polymorphisms were recorded from color slides as described earlier (Verma and Lubs, 1975) . Since color reproduction in Journals is both difficult and expensive, only actual levels which were recorded are presented in Fig. 1 . The color transparencies showing several color variations in D and G short arms will be provided on request. The polymorphisms were recorded on all acrocentric chromosomes to confirm the paternity of the probands. The father has two different chromosome 21's by RFA technique and both were inherited by the proband, indicating that nondisjunction occurred during the first paternal meiotic division. One of the maternal 21 chromosomes has a small short arm (level 2). This chromosome was inherited by the child. There are two reported cases of Down syndrome caused by maternal second meiotic nondisjunction, in which the maternal chromosome involved was a Gp- (de Grouchy, 1970; Juberg and Jones, 1970) . Gp-is a size polymorphism and should be referred to as small size. These authors indicated that this was an abnormal chromosome and might have had an effect on the nondisjunctional event. Although this chromosome was present in mother and child, in our case the nondisjunctional event took place in the father.
Previous studies using QFQ have determined the source of the extra chromosome 21 in less than 50~ of cases. These studies have indicated a higher percentage of paternal nondisjunction than had been thought previously (Bott et al., 1975) . These use of sequential QFQ and RFA should provide a much higher detetion rate and should be utilized in any large studies used to determine the source of the extra chromosome 21. If enough such data can be accummulated the recurring risk might be different depending on whether the non-disjunction was paternal or maternal in origin. This is turn might permit more precise counseling, although this is not currently established.
